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PROBLEM TO BE SOLVED: To provide a manufacturing method for transparent conductive film 
which is low in resistivity and high in light transmittance by means of application of metallic 
nanoparticles. 

SOLUTION: The manufacturing method includes the processes of applying a solution containing 
metallic nanoparticles on a substrate to make an applied layer, drying the layer, and burning the 
layer to form a transparent conductive film. The metallic nanoparticles are oxidized to form 
metal oxide at any process among these processes. 



LEGAL STATUS 

[Date of request for examination] 09.04.2004 

[Date of sending the examiner s decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision 
of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://www1 g.ipdi.ncipi.go jp/PAl /result/detail/main/wAAAQKaG9jDA41 52491 31 ... 2005/06/08 



JP,2003-2491-31.A [CLAIMS] 



1/1 ^— V 



* NOTICES * . . 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the transparence electric-conduction film characterized 
by for the metal of said metal nano particle to oxidize and to become a metallic oxide at the 
process of either said spreading process, said desiccation process and said baking process 
including the spreading process which applies the coating liquid containing a metal nano particle 
on a substrate, and forms a spreading layer, the desiccation process which dry this spreading 
layer, and the baking process which calcinate said spreading layer and use as the transparence 
electric-conduction film. 



[Translation done.] 
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* NOTICES ♦ • • . . 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the transparence 
electric conduction film of having used ultrafine particle colloid for the detail more, about the 
manufacture approach of the transparence electric conduction film used as electrodes, such as 
a liquid crystal display component (LCD), a touch panel, a plasma display panel (PDP), and an 
electroluminescent element (EL). 
[0002] 

[Description of the Prior Art] In recent years, many liquid crystal displays, electroluminescence 
displays, etc. are used as a display. The transparent electrode is used for the display device and 
the drive circuit part at these displays. Resistance is small on the transparence electric 
conduction film, and the metallic-oxide film with sufficient transparency fits it. As an approach of 
forming the metallic-oxide film on a substrate, the sputtering method, vacuum deposition, or the 
ion beam method is learned. Since an expensive facility like vacuum devices is needed according 
to these approaches, a manufacturing cost rises. Since it is furthermore manufactured in a 
vacuum, it is difficult to restrict the magnitude of the thin film which can be manufactured and to 
form the transparence electric conduction film of a large area. 

[0003] As other approaches of forming the transparence electric conduction film, the forming- 
membranes method by the applying method is examined. For example, conductive metallic oxide, 
such as ITO, and ATO, IZO, is mixed to a binder or resin, and a solvent as an electrical 
conducting material, and the method of applying and calcinating on a substrate the paste which 
homogeneity was made to distribute is learned. Although this approach has the advantage of not 
receiving constraint in the magnitude of a substrate and not needing special film production 
equipment, when using it for the application as antistatic film etc., it is enough, but that 
conductivity is insufficient when using as a transparent electrode. When the electric conduction 
film is formed by the applying method, since a binder or other additives exist at the time of 
spreading and baking, that conductivity becomes low bars contact between conductive-metallic- 
oxide particles, and it is considered because sufficient conductivity is not discovered. 
[0004] 

[Problem(s) to be Solved by the Invention] As an approach of solving such a problem, the 
configuration of an conductive-metallic-oxide particle is controlled to JP,5-24836,A, and the 
method of improving contact of particles is indicated. However, by this approach, unless the 
volume of the particle which once deposited out of the gaseous phase changes, it is not 
expectable that a contact part increases further. Generally, the volume increases a metal by 
combining with oxygen. For example, the consistencies of indium oxide (In 203) are 7.18 g/cm3 
to the consistencies of a metal indium being 7.31 g/cm3. This shows that the volume of a 
particle increases, when the indium which constitutes a metal indium particle clearly combines 
with oxygen. A metal nano particle oxidizes easily that grain size is furthermore nano size also at 
a room temperature, and it becomes a metallic oxide. 

[0005] This invention makes it a technical problem for resistivity to offer the manufacture 
approach of the low transparence electric conduction film with high light transmittance by 
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applying the colloidal solution containing a metal nano particle to a substrate, and changing metal 
particles into a metallic oxide at the process of spreading, desiccation or baking either. 
Moreover, this invention makes it a technical problem to offer the manufacture approach that 
the transparence electric conduction film of a large area can be manufactured, by simple 
actuation. 
[0006] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the 
manufacture approach of the transparence electric conduction film of this invention The 
spreading process which applies the coating liquid containing a metal nano particle on a 
substrate, and forms a spreading layer, It is characterized by for the metal of said metal nano 
particle oxidizing and becoming a metallic oxide including the desiccation process which dries 
this spreading layer and forms membranes, and the baking process which calcinates said 
spreading layer and is used as the transparence electric conduction film, at the process of either 
said spreading process, said desiccation process and said baking process. 
[0007] By the manufacture approach of this invention, it changes to a metallic oxide at the 
process of either a spreading process, a desiccation process and a baking process, the particle 
volume increases, and the contact part between particles is increasing the metal in a metal nano 
particle. Moreover, metal nano particles weld in a baking process. Consequently, resistivity 
serves as transparence electric conduction film containing a metallic oxide with light 
transmittance it is low and high. Moreover, its large-sized equipment used for vacuum deposition 
etc. is unnecessary, and since the transparence electric conduction film of a large area can be 
manufactured easily, especially when scaling up manufacture, it is advantageous [ the 
manufacture approach of this invention ]. In addition, in this invention, oxidation of the metal in 
said nano particle may advance at any one process, or may advance at two or more processes. 
[0008] The spreading process which applies on a substrate the coating liquid which contains the 
mixture of the compound metal nano particle which consists of two or more kinds of metals, or 
two or more kinds of metal nano particles as one mode of this invention, and forms a spreading 
layer, The desiccation process which dries this spreading layer and forms membranes, and the 
baking process which calcinates said spreading layer and is used as the transparence electric 
conduction film are included. At the process of either said spreading process, said desiccation 
process and said baking process The manufacture approach of the transparence electric 
conduction film characterized by for said two or more kinds of metals contained in the mixture of 
said compound metal nano particle and/or said metal nano particle oxidizing, and becoming a 
metallic oxide is offered. 

[0009] Moreover, two or more kinds of the metallic compounds or the metal cations from which a 
metal kind differs are returned under existence of a reducing agent as one mode of this 
invention. The manufacture approach of the above-mentioned transparence electric conduction 
film including the process which prepares said metal nano particle (or said compound metal nano 
particle); the average grain size of said metal nano particle (or said compound metal nano 
particle) The manufacture approach of the above-mentioned transparence electric conduction 
film characterized by being 1-20nm; Said metal includes two kinds of metal kinds. Manufacture 
approach; of the above-mentioned transparence electric conduction film characterized by being 
the element with which at least two kinds are chosen from 2B of the 4th or 5th period, 38 and 
48, and 58 group in the short period mold periodic table of an element is offered. 
[0010] 

[Embodiment of the Invention] Hereafter, this invention is explained more to a detail. A metal 
nano particle is used in this invention. It is desirable to use the nano particle containing two or 
more kinds of metallic elements as said metal nano particle. The compound metal nano particle 
which contains altogether said two or more kinds of metals in 1 particle can also be used, and 
the mixture of the metal nano particle which contains two or more kinds of said metaled some or 
all in a particle different, respectively can also be used (hereafter, when calling it a "nano 
particle", it uses with the concept containing both modes). Especially, it is desirable to use a 
compound metal nano particle. In this specification, each gestalt from which two or more metal 
kinds constitute the particle is included in a compound metal nano particle, two or more metal 
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kinds — an interaction — doing — suiting — existing — **** — the condition that may exist 
separately independently and the solid solution, an eutectic, a compound, or they specifically live 
together, core shell structure, and a mere ununiformity — the mode of a mixture is contained. 
Moreover, a nano particle can acquire effectiveness, if the metal part remains that there should 
just be a part which the metal has exposed to a front face even if surface [ a part of ] is 
oxidizing or hydroxylating. 

[001 1] As for the grain size of the nano particle used for this invention, it is desirable that it is 
1-20nm on an average, and it is more desirable that it is 1-1 Onm. Moreover, when using the 
manifestation of various quantum size effects, the so-called monodisperse particle is desirable. 
Coefficient of variation is desirable and the monodisperse particle as used in the field of this 
invention is 10% or less still more preferably 20% or less more preferably 30% or less. The average 
grain size of a nano particle can be measured with a transmission electron microscope (TEM). 
[0012] In this invention, a nano particle has a desirable nano particle including at least two or 
more kinds of 2B of the 4th and 5th periods. 3B and 4B, and 58 group in the short period mold 
periodic table of an element. Specifically, the mixture of compound metal nano particles, such as 
InSn, InZn, ZnSn, SbSn, and ZnlnSn, or the metal nano particle which contains these in a 
separate particle is desirable. Although all atomic ratios were displayed integrally, an atomic ratio 
can be made into the ratio of arbitration not only in these. 

[0013] Said nano particle can be prepared by returning two or more kinds of the metallic 
compounds or the metal cations from which a metal kind differs under existence of a reducing 
agent. It is obtained by adding a suitable reducing agent, making it dissolve and/or distribute in a 
solvent at a desired rate, specifically heating two or more kinds of metallic compounds with 
which metal kinds differ if needed, and mixing violently. Generally the temperature field at the 
time of compounding said nano particle is 5-95 degrees C, and, generally reaction time is 10 
minutes - 3 hours. pH of the solution before adding a reducing agent is greatly influenced to the 
reaction yield and the presentation ratio of a particle which were prepared. The yield of a 
reaction is a chemical analysis by ICR, and the presentation ratio of each particle can be 
checked by the superresolution TEM, such as FE-TEM. 

[0014] As metallic compounds used as the raw material of the above-mentioned nano particle, 
there is organic-acid salt [, such as inorganic-acid salt /, such as a metaled halogenide, a 
sulfation object, and a nitric-acid ghost, /; and formic acid, and an acetylation object, ]; etc. As a 
reducing agent, although tetrahydroborate, dimethylamine borane, a hydrazine, and phosphinate 
are desirable, especially tetrahydroborate is desirable. Moreover, these reducing agents, a 
suitable catalyst, etc. may be used together. 

[0015] As a solvent which dissolves and/or distributes said nano particle Water; Ester; methyl 
ethyl ketones, such as butyl acetate and a cellosolve acetate. Ketones, such as a cyclohexanone 
and methyl isobutyl ketone; Dichloromethane, Amides [, such as chlorinated-hydrocarbon; 
dimethylformamide ], such as 1 ,2-dichloroethane and chloroform; A cyclohexane. Hydrocarbons, 
such as a heptane, an octane, and an isooctane; A tetrahydrofuran. The ether, such as ethyl 
ether and dioxane; Ethanol, n-propanol. Fluorine system solvents, such as alcoholic;2, such as 
isopropanol. n-butanol, and diacetone alcohol, 2 and 3, and 3-tetra-FURORO propanol; Ethylene 
glycol monomethyl ether. Glycol ether [, such as ethylene glycol monoethyl ether and propylene 
glycol monomethyl ether, ]; etc. can be mentioned. These solvents can be used in consideration 
of the dispersibility of a colloidal particle combining independent or two sorts or more. 
[0016] The colloidal dispersion liquid of the mixture of the metal nano particle included in the 
particle which is a compound metal nano particle which contains two or more kinds of metals in 
1 particle, or changes with above-mentioned reactions, respectively is obtained. Since this 
colloidal dispersion liquid contains impurities, such as an unreacted object and reaction by- 
product, it is desirable to use an ultrafiltration as coating liquid, after a line removes an impurity 
several times. When washing after filtration, colloid uses the penetrant remover which does not 
cause condensation. 

[0017] In colloidal dispersion liquid, it is desirable to make organic compounds, such as an 
adsorbent compound (dispersant) or a surfactant, contain. Said adsorbent compound and 
surfactant are contributed to the improvement in stability of colloidal dispersion liquid, and 
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insulating reservation 'of a colloidal particle by carrying out adsorption «tc. on the surface of a 
colloidal particle, and carrying out surface qualification of the colloidal particle. Colloid may be a 
hydrophilic property or may be hydrophobicity. As said adsorbent compound, the compound 
containing -SH. -CN, -NH2. -SO20H, -SOOH, -OPO (OH)2, and -COOH etc. is effective, and - 
SH or -COOH content compound is [ among these ] desirable. It is desirable to use the 
adsorbent compound which has a hydrophilic radical (for example, {-S03M and -COOM (M 
expresses a hydrogen atom, an alkali-metal atom, or an ammonium molecule)}) in the case of 
hydrophilic colloid. Moreover, it is desirable to also make anionic surface active agents (for 
example, aerosol OT, sodium dodecylbenzenesulfonate, etc.), the Nonion nature surface active 
agents (for example, alkyi ester, the alkylphenyl ether, etc. of the poly alkyi glycol), a 
fluorochemical surfactant, and hydrophilic giant molecules (for example, hydroxyethyl cellulose, a 
polyvinyl pyrrolidone, polyvinyl alcohol, a polyethylene glycol, etc.) contain in colloidal dispersion 
liquid. 

[0018] In said colloidal dispersion liquid, you may add [ for the purpose of various additives, such 
as an antistatic agent, UV absorbent, a plasticizer, and a giant-molecule binder, ] besides organic 
compounds, such as said adsorbent compound. 

[0019] After removing the unnecessary salt in the colloidal dispersion liquid prepared by the 
above-mentioned approach by the desalting methods, such as a centrifuge method, an 
electrodialysis process, and an ultrafiltration method, using as coating liquid is desirable. In order 
to use as coating liquid, as for the electrical conductivity of colloidal dispersion liquid, it is 
desirable that it is below 1 ,000microS/cm, and it is more desirable that it is below 
1 0OmicroS/cm. 

[0020] Then, a solvent is added further, or is condensed, and it adjusts to desired concentration, 
and uses as coating liquid. 

[0021] The manufacture approach of this invention carries out the metal which is the process of 
either said spreading process, said desiccation process and said baking process, and is contained 
in a nano particle including the spreading process which applies said coating liquid on a substrate 
and forms a spreading layer, the desiccation process which dries this spreading layer, and the 
baking process which calcinates said spreading layer and use as the transparence electric- 
conduction film oxidizing, and becoming with a metallic oxide as the description. It changes to a 
metallic oxide at the process of either a spreading process, a desiccation process and a baking 
process, the particle volume increases, and the contact part between particles increases the 
metal in said nano particle. Furthermore, in a baking process, between particles welds said nano 
particle, and it serves as transparence electric conduction film with high conductivity and 
transparency. Consequently, resistivity serves as low transparence electric conduction film with 
high light transmittance. i\^oreover. its large-sized equipment used for vacuum deposition etc. is 
unnecessary, and since the transparence electric conduction film of a large area can be 
manufactured easily, especially when scaling up manufacture, it is advantageous [ the 
manufacture approach of this invention ]. 

[0022] At said spreading process, on a substrate, said coating liquid is applied and a spreading 
layer is formed. There is especially no limit about the method of application, and various 
approaches, such as a spin coat, a DIP coat, an extrusion coat, and a bar coat, can be used. 
Oxidation of said nano particle advances oxidation of the nano particle in said coating liquid, or 
on a substrate by carrying out a spreading process under oxygen existence (for example, the 
inside of air). 

[0023] As an ingredient of the substrate used for this invention, quartz glass, alkali free glass, 
Glass;aluminum203, such as crystallization clear glass, Pyrex (trademark) glass, and sapphire, 
MgO, Acrylic resin [, such as inorganic material; polycarbonate; polymethylmethacrylate ], such 
as BeO, Zr02, Y203, and Th02. CaO, GGG (GADORIUMU gallium garnet); A polyvinyl chloride. 
Metal; etc. can be mentioned, vinyl chloride system resin [, such as a vinyl chloride copolymer, ]; 
— epoxy resin; — polyarylate; — Porl Sal! John; — polyether ape phon; — polyimide; — 
fluororesin; — phenoxy resin; — polyolefine system resin; — nylon; — styrene resin; ABS- 
plastics; — They may be used together by request. According to an application, it can choose 
from these ingredients suitably, and can consider as fiexible base materials, such as the shape of 
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a film, or a base material with rigidity. In addition, the configurations of. said substrate may be 
which configurations, such as the shape of the shape of discoid and a card, and a sheet. 
[0024] Between said substrate and said transparence electric conduction film, undercoat may be 
prepared for the purpose, such as an improvement of the smoothness of said support surface, 
improvement in adhesive strength, and deterioration prevention of the transparence electric 
conduction film. As an ingredient of this undercoat, for example Polymethylmethacrylate, an 
acrylic acid and a methacrylic-acid copolymer. A styrene maleic anhydride copolymer, polyvinyl 
alcohol, N-methylol acrylamide, A styrene vinyltoluene copolymer, chlorosulfonated polyethylene, 
A nitrocellulose, a polyvinyl chloride, a polyvinylidene chloride, chlorinated polyolefins. High 
polymers, such as polyester, polyimide, vinyl acetate and a vinyl chloride copolymer, an ethylene- 
vinylacetate copolymer, polyethylene, polypropylene, and a polycarbonate; surface treatment 
agents, such as light, thermosetting or electron ray hardening resin;, and a coupling agent, etc. 
are mentioned. As an ingredient of said under coat, an ingredient excellent in the adhesion of a 
base material and a particle layer is desirable, and. specifically, thermosetting or light and 
electron ray hardening resin, and coupling agents (for example, a silane coupling agent, a titanate 
system coupling agent, a germanium system coupling agent aluminate coupling agent, etc.) are 
desirable. 

[0025] Said undercoat can make a suitable solvent able to dissolve or distribute the above- 
mentioned ingredient, can prepare coating liquid, and can form it by applying this coating liquid to 
a support surface using the applying methods, such as a spin coat, a DIP coat, an extrusion coat, 
and a bar coat. Generally the thickness (at the time of desiccation) of said undercoat has 
desirable 0.001-20 micrometers, and its 0.005-10 micrometers are more desirable. 
[0026] Said spreading layer is dried after said spreading process, and the solvent in a spreading 
layer is removed. Oxidation of said metal nano particle in a spreading layer advances by drying 
said spreading layer under oxygen existence (for example, the inside of air). In addition, with a 
desiccation process, it uses in the semantics of the process which removes the dispersion 
medium of the colloidal solution. When a desiccation process may be performed as a part of 
other processes, for example, it calcinates with a reduced pressure environment at the time of 
spreading, the preceding paragraph story of a baking process will serve as a desiccation process. 

[0027] Said spreading layer is calcinated after said desiccation process, and it considers as the 
transparence electric conduction film. Oxidation of said metal nano particle advances by 
calcinating under existence of oxygen (for example, the inside of air). The organic compound 
which the metal nano particle in said spreading layer is fused, and serves as a continuum by 
baking, and is contained in a spreading layer is removed by baking, and conductivity discovers it. 
Baking can be performed using an electric furnace etc. Generally 100-600 degrees C of burning 
temperature are desirable, 300-500 degrees C is more desirable, for [ 10 minutes ] - 4 hours of 
firing time are desirable, and it is more desirable. [ of for / 20 minutes / - 1 hour ] In order to 
advance oxidation of a metal nano particle, after predetermined carries out time amount baking 
at temperature predetermined in the inside of air, it can also calcinate under the ambient 
atmosphere of inert gas, such as an argon, or nitrogen gas. 

[0028] The manufactured transparence electric conduction film has high conductivity. As for the 
surface-electrical-resistance value of said transparence electric conduction film, it is desirable 
that they are below 500ohms / and it is more desirable that they are below lOOohms / 
Moreover, the manufactured transparence electric conduction film has high light transmittance 
to the light of a light region, in 550nm, it is desirable that it is 80% or more, and, as for light 
transmittance, it is more desirable that it is 90% or more. 

[0029] About the thickness of said transparence electric conduction film, although there is 
especially no limit, its 5-1000nm is desirable, and its 10-500nm is more desirable. Multiplex 
spreading can also be performed if needed to thicken thickness. Moreover, although desirable 
range also differs according to the class of used metal, and an application about the content of 
the metal in said transparence electric conduction film, or a compound metal, generally, 10 - 
10000 mg/m2 is desirable, and 20 - 5000 mg/m2 is more desirable. 

[0030] The transparent conductive film of this invention is applicable to electrodes, such as a 
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liquid crystal display component (LCD), a touch panel, a plasma. display panel (PDP), and an 
erection luminescence (EL) component, after performing processing processing of patterning etc. 
by request after that. 
[0031] 

[Example] An example is given to below and this invention is explained to it still more concretely. 
Unless the ingredient shown in the following examples, a reagent, the amount of substance and 
its rate, actuation, etc. deviate from the main point of this invention, it follows and the range of 
this invention is not the thing which can be changed suitably and which is restricted to the 
following examples. 

[0032] [Preparation of Sn/In compound nano particle using example 1:NaBH4] indium chloride 

(III) 4.97g, chlorination tin (IV)5 hydrate 0.877g and L-tartaric acid It is deoxidation water about 
lO.lg. It was made to dissolve in 250mL, it stirred enough, and A-1 liquid was prepared. 
Moreover, potassium hydroxide It is deoxidation water about 13.4g. It was made to dissolve in 
200mL, it stirred enough, and B liquid was prepared. Furthermore, it is sodium tetrahydroborate. 
It is deoxidation water about 7.1 5g. It dissolved in 50mL, it stirred enough, and C fluid was 
prepared. At the room temperature, A-1 liquid and B liquid were mixed in the 3 Thu openings 
flask of 500mL(s), and it fully stirred in it. pH of a solution was 8.5. It foamed, shortly after adding 
the C fluid which is a reducing agent to this mixed solution. When the temperature up of the 
reaction container was moved and carried out to the thermostat, reduction started, the solution 
changed from transparence to blackish brown, and the dispersion liquid of a Sn/In compound 
nano particle were obtained. The reaction was performed for 60 minutes at 60 degrees C, and 
the temperature was made to lower to a room temperature by natural air cooling after 
termination. 

[0033] [Preparation of Sb/Sn compound nano particle using example 2:NaBH4] chlorination tin 

(IV) 5 hydrate 7.89g, antimony(III) chlo-ride 0.57g and lO.lg of L— tartaric acids were dissolved in 
deoxidation water 250mL, it stirred enough, and A-2 liquid was prepared. Moreover, potassium 
hydroxide It is deoxidation water about 13,4g. It was made to dissolve in 200mL, it stirred 
enough, and B liquid was prepared. Furthermore, it is sodium tetrahydroborate. It is deoxidation 
water about 7.1 5g. It dissolved in 50mL, it fully stirred, and C fluid was prepared. At the room 
temperature, A-2 liquid and B liquid were mixed in the 3 Thu openings flask of 500mL(s), and it 
fully stirred in it. pH of a solution was 8.5. It foamed, shortly after adding the C fluid which is a 
reducing agent to this mixed solution. When the temperature up of the reaction container was 
moved and carried out to the thermostat, reduction started, the solution changed from 
transparence to blackish brown, and the dispersion liquid of a Sb/Sn compound nano particle 
were obtained. The reaction was performed for 60 minutes at 60 degrees C, and the temperature 
was made to lower to a room temperature by natural air cooling after termination. 

[0034] [Preparation of example 3:Sn/In hydroxide particle] indium chloride (III) 4.97g and 
chlorination tin (IV)5 hydrate About 0.877g, it is deoxidation water. It was made to dissolve in 
250mU it stirred enough, and A-3 liquid was prepared. Put A-3 liquid into the 3 Thu openings 
flask of 500mL(s), and aqueous ammonia was made dropped 12%, cooling at 0 degree C, and the 
dispersion liquid of a Sn/In hydroxide particle were obtained. pH of a solution was 8.5 and 
reaction time was for 60 minutes. 

[0035] [Preparation of example 4:Sb/Sn hydroxide particle] chlorination tin (IV)5 hydrate In 7.89g 
and 0.57g of antimony(III)s chlo-ride, it is deoxidation water. It was made to dissolve in 250mL, it 
stirred enough, and A-4 liquid was prepared. Put A-3 liquid into the 3 Thu openings flask of 
500mL(s), and aqueous ammonia was made dropped 12%, cooling at 0 degree C, and the 
dispersion liquid of a Sb/Sn hydroxide particle were obtained. pH of a solution was 8.5 and 
reaction time was for 60 minutes. 

[0036] It put after preparing the compound nano particle of Example 1 - Example 5 until 
precipitate and a supernatant separated the solution completely under nitrogen-gas-atmosphere 
mind. It put again and precipitate and a supernatant were separated, after carrying out optimum 
dose addition and stirring deoxidation water after carrying out the cast away only of the 
supernatant. This actuation was repeated until the electrical conductivity of a supernatant 
became below lOmicroS/cm. Finally precipitate was further condensed by centrifugal separation. 
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The conditions' of centrifugal separation were for 5 minutes in 2.000rpm. The supernatant was 
discarded after centrifugal separation, water was added so that it might become suitable 
concentration, and an acetic acid and aqueous ammonia adjusted to pH4. When this solution was 
violently stirred in air, the sample of Example 1 and Example 2 became the transparence solution 
of thin yellow from the dark-brown solution (colloid 1 and colloid 2). On the other hand, the 
sample given in Example 3 and Example 4 became a solution with the cloudy transparent solution 
(colloid 3 and colloid 4). In this way, the average grain size of the obtained particle was [ at 
3.5nm and colloid 2 / in 3.8nm and colloid 3 ] 3.6nm in colloid 1 in 3.4nm and colloid 4. 
[0037] 0.5mL was carried on the 50mmx50mm glass substrate, by the rotational frequency 500 - 
2000rpm. the spin coat of each of the prepared colloidal dispersion liquid 1-4 was carried out for 
20 seconds, and it was applied. Thus, the obtained thin film was dried at 80 degrees C for 2 
hours. After calcinating the thin film which ended desiccation for 30 minutes at 500 degrees C 
under an air ambient atmosphere using an electric furnace, it was further calcinated for 30 
minutes at 500 degrees C under the argon ambient atmosphere. XRD of a sample which 
calcinated colloid 1 and colloid 3 on the above-mentioned conditions after spreading and 
desiccation showed the peak of crystalline ITO. Moreover, XRD of a sample which calcinated 
colloid 2 and colloid 4 on the above-mentioned conditions after spreading and desiccation 
showed the peak of crystalline ATO. 

[0038] By Mitsubishi Petrochemical Law Lester MGP-T600, the resistivity of the thin film after 
baking measured light transmittance with Shimadzu UV-3100PC, respectively. The surface- 
electrical-resistance value, thickness, and light transmittance of each sample were summarized 
in Table 1. 



[0039] 
[Table 1] 


K » 




(ci/n) 


mm 


(SSOnm) 




ITO 


7 0 


0. 52 


0. 85 




ATO 


500 


0. 56 


0. 89 


{mm) 


I TO 


3 50 


0.5 4 


0. 79 




ATO 


900 


0.5 2 


0.8 2 



[0040] 

[Effect of the Invention] According to this invention, resistivity can offer the manufacture 
approach of the low transparence electric conduction film with high light transmittance like by 
applying to a substrate the colloidal solution containing a metal nano particle explained above, 
and changing metal particles into a metallic oxide at the process of spreading, desiccation or 
baking either. Moreover, according to this invention, the manufacture approach that the 
transparence electric conduction film of a large area can be manufactured can be offered by 
simple actuation. 



[Translation done.] 
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